Abstract: Monitoring the quality indicators at the interface nodes between the distribution operator and the industrial users is extremely important in order to
Introduction
Power quality has been treated as a prominent issue which demands utilities to deliver good quality of electrical power to end users especially to industries having sensitive equipment. Effective monitoring programs are important for power reliability assurance for both energy providers and customers. Voltage sags, harmonics, interruptions, high-frequency noise, etc., are the most important power quality problems which are seen in the industrial and commercial installations. Solving these problems require power quality monitoring and analysis.
In many cases, the phenomena associated with the power quality appear and disappear randomly. Therefore, it is necessary that monitoring of the power quality to be carried out for a long enough period of time. There are several reasons for monitoring the power quality. The most important reason is the economic damage caused by electromagnetic phenomena as a result of the failure or malfunctioning of the sensitive equipment in the industry.
Ideally, a full monitoring program should be used to characterize the performance of an entire system, i.e. every load bus should be monitored. Such a monitoring program is not economically justifiable and only a limited set of buses can be chosen for a monitoring program. Optimal decisions regarding the number of meters and their locations are needed so that the number of meters is minimized without missing any essential information.
The analysis of the recorded data
Within this study, there observed power quality indicators based upon the recorded data in representative nodes of a distribution network belonging to Electrica Transilvania South Sibiu Subsidiary.
Seven mobile PQ analyzers were deployed in an industrial area supplied by SDEE Sibiu distribution network during one week. Simultaneous power quality monitoring was performed for a group of industrial users supplied from the Distribution Point located in Sibiu West Industrial Park supplied from Aeroport 110/20kV substation.
Propagation of the electromagnetic disturbances in the studied network area is also one of points f interest. The electromagnetic disturbances occurred in network spread along distribution lines. Those disturbances can be identified in different locations, having the same or different characteristics than those existing at the point of emergence. Figure 1 shows a portion from Medium Voltage (MV) distribution network. PQ Equipments were installed in locations highlighted with numbered circles.
Study Area Description
Figure 1: Normal operating power system PA X First PQ analyzer was installed in Feeder PA X bay in Aeroport substation which is the main power supply for the industrial area. In PA X Distribution Point PQ Analyzer number two was installed at Medium MV in the Common Coupling Point (CCP) for one of the largest customer in that area: Continental Automotive Systems plant. Third and fourth PQ analyzers were installed inside one of customer's own transformer station on Low Voltage (LV) side of transformer 1 and on the output of one 1000kVA inverter. The purpose of this cluster of PQ equipments was to determine the influence of disturbances produced on LV level by a large inverter on power quality parameters at CCP. Fifth, sixth and seventh PQ equipments were installed at neighbouring industrial customers: SC Takata SRL, SC Polipharma Industries SRL and SC TASS SRL.
SC Continental Automotive Systems SRL is supplied in normal operation from the 2'nd busbar section of PA X, through an 20kV underground cable 1 km in length. Backup power is supplied by the 1st busbar section of PA X. The simultaneously absorbed power P sa is 5300kW.
SC Takata SRL is supplied by the PA X second busbar section, through an 20kV underground cable 0,5km in length, P sa is 2400kW SC Polipharma Industries SRL Supplied by the second bars sector of the PA X, through an 20kV underground cable 1,5km in length P sa is 1700kW. SC TASS SRL Supplied by the second bars sector of the PA X, through an 20kV underground cable 1,8km in length, P sa is 200kW.
Consumers: equipment and assembling line, chillers, efficient lighting system, computers, sewing machines, pressing.
Power quality equipments
The measurements have been performed using the following devices: -four Chauvin Arnoux CA 8335 (green circles in figure 1 ) and -three Fluke 435 (red circles in figure 1 ). The PQ monitors were installed on the secondary windings of measurement current and/ or voltage transformers. Currents and the voltages that supply the measurement groups of the industrial users were used..
The parameters monitored were:
- 
Neural networks for the identification of the disturbances in the West Sibiu area.
The practical solving of a complexity of problems in the field of electrical engineering has shown that the mostly useful and the mostly used artificial intelligence techniques are the expert systems (SE), the fuzzy logic (LF), the artificial neural networks (RNA) and the genetic algorithms (AG). In parallel, new techniques of optimization, such as optimization through swarms of particles (Particle Swarm Optimization-OSP) or ant colonies (Ant Colony Optimization-ACO) have been developed and implemented.
The neural networks are beneficial in the case when, few decisions have to be made based on a large amount of data and, an optimal solution to a problem of optimization, it is necessary to be found quickly. The neural network is extracting the information that was presented in the training stage and subsequently uses it within the practical applications where it is used.
The neural network used for the identification of the disturbances in the West Sibiu area is a feedforward artificial neural network with four layers, as shown in the Figure 6 .
The networks with the recognition pattern are the feed-forward networks which can be trained in order to classify the entries according with the target groups. The target data for the networks with the recognition pattern are consisting in vectors with all the values zero, except the element i, whose value is 1. With the help of the neural network presented above, the data recorded as the result of monitoring of the power quality to the group of the large industrial consumers in the industrial area from West of Sibiu , were classified. The neural network is trained with the back propagation algorithm of the scaled conjugate gradient (scaled conjugate gradient Back Propagation-BKP) using a dedicated Toolbox from Matlab, respectively, the Neural Network Pattern Recognition Tool The target vector is calculated based on some limit values that are settled in the Performance Standard for these sizes, the neural network has to identify the emergence of some disturbances, and the existence of some measured quantities that are not framing in the limits that were imposed. The vector contains four elements, representing the number of the disturbances classes under analysis, respectively, voltage variations, the overflow of the level of the harmonic content, the overflow of the level of the flicker and the unbalance of the voltages' system. Of the four elements, there is only one that has the value one, the one that describes the class of the disturbances under surveillance; the rest have the value zero. The four variants of the output vector and the threshold values taken in consideration, named th, are:
- For the implementation of the classifications with the artificial neural network having pattern recognition, within the Matlab programming-simulation environment, the sets of training, testing and validation were first selected. When all the network settings are defined, the training of the network begins. The process stops automatically when the generalization ability becomes insignificant. A perceptible increase of the validation samples in the average quadratic error, respectively, the reach of the minimum threshold set for it are marking this moment.
The results obtained after the training of the network are represented by a confusion matrix - Figure The confusion matrix for the data set calculates the accuracy and the errors of the classification associated with this set. For each series of the data that was used, the accuracy is shown in the last column (sensitivity is with green and specificity is with red).
The diagonal (coloured in green) indicates, for each parameter, how many windows have been correctly recognized and the percentage from all the windows (representing the other positions).
The red boxes represent the errors, the number of the windows that have been wrongly recognized and their percentage of the total data set. The last line calculates, for each column, what percentage is correctly classified (in green) or wrongly classified (in red) from the total number of the windows that are classified in that column, meaning the accuracy of the neural network classifier (the percentage of the positive predictions that are correct).
The process of classification was reviewed several times, for the same input data but modifying the number of the neurons in the hidden start or the percentages of the training, testing, and validation sets. In this paper are presented the best results obtained with the classification system based on the use of RNA. The process of classification with the neural networks has been carried out for all the consumers under monitoring from the West Industrial area. In each case, the input vector and the target vector were determined, then the training of the network was carried out. The total confusion matrix obtained is shown in the Figure 8 and the final results are summarized in the Table 3 . The results after the classification are: SC Continental Automotive System : the total percentage of 99,3%. indicates that during the monitoring period, the recorded data for all the indicators under analysis are the closest ones to the thresholds. If the analysis is carried out separately for each quality indicator under monitoring, the following aspects are observed:
-voltage variations -the largest percentage, 97,8% was obtained at SC Continental Automotive System SRL -the distortion factor THDu -the largest percentage, 100% was obtained at SC Takata SRL -the flicker effect P lt -the percentage of 100% was obtained in 3 locations: Aeroport Substation, SC Continental Automotive System SRL and SC Polipharma Industries SRL -the unbalance of the voltages' system k nu -the largest percentage, 100% was obtained at SC Continental Automotive System SRL and SC Takata SRL.
Conclusions
Monitoring the quality indicators at the interface between the network operators and the users and supervising the framing of disturbances within the allocated limits, represent actions that have an important role to ensure the proper functioning of the power supply, the limitation of the disturbance background in the network and to ensure the level of the quality for all users of the system.
The power quality has a significant effect on the economic indicators of the distribution network and represents an essential parameter in order to evaluate the performances of the network.
The analysis of the electric power quality problems is important in order to know the network configuration, the industrial user profile and the type of the electromagnetic disturbances created by the industrial user.
The presented neural network classifier may be used in processing a huge amount of data collected by monitoring the distribution network and ensures the identification of the disturbances chosen by the operator. The developed algorithm was tested, with good results on the data recorded during the measuring campaign to identify four types of disturbances.
